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PREFACE

The work described in this interim report was authorized under MMT Project 5761264,
Advanced Technology for Suppressive Shielding of Hazardous Production and Supply Operations.
This work was started in 1973 and is continuing.

Reproduction of this document in whole or in part is prohibited except with
permission of the Commander, Edgewood Arsenal, Attn: SAREA-TS-R, Aberdeen Proving Ground,
Maryland 21010; however, DDC and the National Technical Information Service are authorized to
reproduce the document for US Government purposes.
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1

THE ECONOMICS OF APPLYING SUPPRESSIVE SHIELDING TO THE M483A1 IMPROVED
CONVENTIONAL MUNITION LOADING, ASSEMBLING, AND PACKING FACILITY

1. INTRODUCTION.

The purpose of this study is to evaluate proposed layouts for the loading, assembling,
and packing of improved conventional munitions (ICM) and develop alternative layouts using
suppressive shielding technology around hazardous explosive operations. The goal is to determine
the most economic facility that will meet production requirements both for peak production and
for guaranteed production in case of an accidental detonation. Insurance of a safe environment in
the facility is also desirable.

Proposed layouts for the M483A1 ICM loading, assembling, and packing facility were
developed by Picatinny Arsenal engineers! and evaluated by Kaiser engineers2 for the US Army
Corps of Engineers, Huntsville, Alabama. Data from these analyses are used in this report to
determine layout concepts of the proposed facility and to determine costs of various alternatives
and are assumed to be correct.

This report is divided into five sections. Tuse first section briefly describes the processes
for loading, assembling, and packing of ICM’s and the layout alternatives proposed by Picatinny
Arsenal. Section II deals with various facility layouts using suppressive shielding technology.
Section III lists the benefits, the cost savings and tradeoffs, and the safety comparisons of the
Picatinny Arsenal layouts versus the suppressive shielding layouts. Sections IV and V give
conclusions and recommendations, respectively.

II.  155-MM M483A1 INTEGRATED IMPROVED CONVENTIONAL MUNITION FACILITY
PROCESSES, DESCRIPTIONS, AND PROPOSED LAYOUTS.

The integrated ICM facility, in its conception, was to manufacture all metal parts and
to load, assemble, and pack the M483A1 projectile at a monthly production rate of 120,000 units
on a_500-hour basis. The facility encompasses all support and storage buildings, utilities, process
equipment, ancillary equipment, ramps, walkways, and material handling equipment. Only the

_loading, assembling, and packing area is considered in this report.

The M483A1 projectile is a 155-mm round with a payload of 88 shaped-charge
M42/M46 grenades. These grenades are expelled from the projectile in flight by an M10 propeilant
expelling charge, scattering them over a large area. Each grenade contains a 31-gram shaped charge
of A-5 explosive and functions as both an antipersonnel and an antimateriel device. The grenades
are cylindrical (1.25 inch in diameter and 1.5 inch high) with a fuze extending from one end and a
brass cone inserted into the other to form the shaped charge.

] Picatinny Arsenal. Dover, New Jersey. Draft Design Criteria; Load, Assemble, and Pack Facility for Projectile,
155-mm: HE, M483Al. October 1975.

2 Kaiser Engineers. Report No. 76-19-RE. 155-mm M483 ICM Complex: Load, Assembly, and Pack Facility
Alternatives Evaluation. Prepared for US Army Corps of Engineers. February 1976.




A

The following explosive-handling processes occur in the loading, assembling, and
packing area, inert handling being omitted. (Figure 1 is a schematic of the facility layout.) A-5
explosive is received by truck in 60-pound fiber drums in a separate receiving building. These drums
are opened by hand and emptied into a machine which in turn places 25 pounds of A-5 explosive on
an enclosed flanged belt conveyer. Explosive in the receiving building is limited to 10,000 pounds.

The explosive is moved by this conveyer to a screening building (or buildings) where
dual screening takes place to insure proper grain size. The screening building is a totally remote
operation controlled from the receiving building. The screening building has a 1,000-pound limit if
one building is used or a 500-pound limit if two buildings are used. In either case, it is a Category I1I
(critical) hazard (MIL-STD-882).

The screened explosive is moved in buckets in 15-pound increments by an overhead
trolley conveyor to the loading, assembling, and packing buildings. The first operation in the
loading, assembling, and packing building is a surge and inspection hold for the screened
A-5 explosive with a limit of 2,000 pounds if one loading, assembling, and packing building is used
or 1,000 pounds if two loading, assembling, and packing buildings are used. A reinforced concrete
wall will be used to protect this explosive from any detonation that may occur elsewhere in the
loading, assembling, and packing building.

After acceptance by quality control, the explosive is automatically moved to the
grenade loading area (Category III hazard) and dumped into the hopper of a press loading machine
(38-pound limit). This machine presses the A-5 explosive into the grenade to a predetermined level.
The grenades are then moved to a separate bay (15-pound limit) where a brass cone is swaged into
the base of the grenade to make it a shaped charge (Category IlII, hazard). A S-ton press is used to
assure that no air gap exists between the cone and the explosive. Six each of the grenade load and
swage stations are needed to meet production requirements.

The loaded grenades are assembled onto trays (48 per tray) and 64 trays are placed on
a cart (206-pound net explosive). These carts are moved by driverless tractor to an 8-hour hold in a
nearby building while quality checks take place. Upon acceptance, the carts are returned to the
loading, assembling, and packing building for fuze assembly.

Fuzes are attached to the grenade by a large (approximately 16-foot by 16-foot)
machine that completes the entire fuzing operation. An 8-pound explosive limit has been
established for each of the 20 machines needed for this operation. After fuzes have been attached,
the grenades are once more loaded onto carts and moved by driverless tractor to a 40-hour hold for
quality assurance inspection. After inspection, the grenades are returned to the loading, assembling,
and packing building for continued processing.

The next operation is the loading of the grenades into the 155-mm projectile. The
round is placed nose down in a fixture, with a flat-topped hydraulic ram inserted up into the round.
A layer of eight grenades, held in position by a plastic spacer, is loaded into the base of the round.
The ram is lowered one notch and a second layer of grenades is inserted, the fuzes of the second
layer fitting into the coneshaped charge of the first. Eleven layers are added in this way with a
twelfth spacer layer being added. A base plate closes the base of the round.

The expulsion charge, a 51-gram bag of M10 propellant prepared in a separate building,
is now inserted into an expulsion cup placed in the nose of the projectile. A lifting plug is threaded
into the nose of the projectile and the projectile is marked, palletized, and shipped out.
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Three areas in the loading, assembling, and packing building as conceived by Picatinny
Arsenal engineers were shielded by TM 5-1300-type walls. The grenade loading and swaging cubicles
are 15by 16 by 10 feet and 10 by 16 by 10 feet, respectively. These cubicles are shielded by
concrete walls on three sides and the roof, the fourth side being open to a frangible outer wall. The
fuze-to-grenade cubicle (20 by 20 by 10 feet) has all four walls of concrete which continues as steel
up to a frangible roof. In addition, TM 5-1300-type walls separate various portions of the loading,
assembling, and packing building so that an incident in one area has less severe effects in the next
area. Distances between buildings as specified in AMC Regulation 385-100 are sufficient to prevent
major damage in case of an explosion.

Three layout designs were established by Picatinny Arsenal for further evaluation. The
first, a one-building design shown in figure 1, has the advantage of being the lowest cost design
($24,449,000). Figure 2 shows a two-building layout which is the most expensive design
($27,987,000) but guarantees 50 percent production capability while repairs are occurring from an
accidental detonation anywhere in the facility. This layout merely separates the one-building layout
into two mirror image lines with half the production occurring on each. The three-building layout,
shown in figure 3, costs $25,768,000 and will suffer less damage from an explosion than the
one-building layout. The three-building layout separates the loading, assembling, and packing
building of the one-building design into three loading, assembling, and packing buildings, one each
for grenade load and swaging, fuze-to-ground assembly, and projectile cargo loading. Thus an
incident in one building initiates little damage in the other two. Production is stopped in the event
of an explosion. Cost estimates for each layout as developed for the Corps of Engineers, Huntsville,
by Kaiser Engineers are presented in appendix A.

III.  LAYOUTS USING SUPPRESSIVE SHIELDING TECHNOLOGY.

All locations where explosives are handled in the loading, assembling, and packing
portion of the facility were investigated as potential areas for suppressive shielding applications. All
but four were eliminated because they involved very large quantities of explosives or because the
probability of an incident was extremely low. The four locations investigated in depth were the
screening operation, the grenade loading area, the grenade swaging area, and the fuze-to-grenade
assembly area.

In performing the analysis of the facility layouts using suppressive shields, it was
assumed that the design was required to guarantee 50 percent production in case of an accident at
the lowest initial cost possible. The two-building layout must therefore be used as this is the only
design guaranteeing 50 percent production.

Along with the principle that 50 percent production must be maintained, two
screening buildings, each having an explosive limit of 500 pounds and performing half the work,
would be necessary. The most cost effective shield to perform this function would be a scaled-up
version of the shield shown in figure 4. This shield would be cylindrical, having vertical interlocked
I-beam walls as shown in figure 5, and laced, reinforced concrete roof and foundation. The shield
dimensions would be approximately 32 feet in diameter by approximately 31 feet high. This shield
would completely contain all fragments and would reduce pressures outside so that 3.5 psi
(equivalent intraline distance pressure) would occur about 6 feet from the shield. This shield is
estimated to cost $439,830 and it would replace the entire screening building. Detailed cost
estimates for suppressive shields are located in appendix B.

10
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Figure 4. Grenade Loading Shield
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Surrounding the grenade loading operation would be an existing safety approved
shield. This shield is similar in every respect to the screening building shield which is shown in
figures 4 and 5. The grenade loading shield, which would be approximately 13 feet high by 13 feet
in diameter, has been tested with 45.7 pounds of explosive and has an estimated cost of $56,316.
This and all subsequent shields described limit the effects of an accidental explosion to an
acceptable level.

Shielding the grenade swaging area would be a rectangular structure consisting of
I-beams configured as shown in figure 6 to take. the load from the blast effects of a 15-pound
explosion. I-beam frames are constructed and placed adjacent to each other to form a box. Vertical
beams are added at each end to enclose the shield. End beams and side beams are added to hold the
ends on the shield and the I-beam frames in place in case of an explosion. A steel sheet internal liner
would be added to improve blast pressure suppression. The shield would be 10 by 16 by 10 feet
and would cost approximately $21,852.

N W VR

The fuze-to-grenade assembly area is shielded by an I-beam shield very similar in design .
to the grenade swaging area shield. This shield, however, is larger (20 by 20 by 10 feet); but,
because of the lower charge weight (8 pounds), it would be of lighter construction and would cost
$31,780.

The first suppressive shield layout incorporates shields at all four locations previously
described, as shown in figure 7. The following list of facts was used in designing this layout:

1. Overpressures from an explosion in a suppressive screening building are reduced
sufficiently so that no damage will result to the other screening building if the two buildings are
placed side by side.

2. Overpressures from an explosion in a screening building are reduced so that no
structural damage will result to other buildings 10 feet from the screening buildings.

3. Calculations made by the US Army Corps of Engineers, Huntsville, Alabama.
indicate that the screening buildings are strong enough to act as a barricade for the 10,000 pounds
in the receiving building if they are placed within 40 feet of the receiving building. (Requirements
for barricades are described in AMC Regulation 385-100.3) In this way, barricaded intraline
distance can be used between the receiving and the loading, assembling, and packing buildings
instead of unbarricaded intraline distance, thus cutting the conveyor lengths in half.

4. The effects of an explosion in the grenade loading operation, the grenade
swaging operation, or the fuze-to-grenade assembly operation would be limited to one small area.
Thus, five-sixths production (five of six grenade loading or swaging machines would remain in
operation) could always be maintained. The less expensive one-building design could then be used
and have all the advantages of the two-building layout.

5. The loading, assembling, and packing building used could be an inexpensive
preengineered-ty pc steel frame building because overpressures from an explosion in the loading,
assembling, and packing building would be greatly reduced. The hardened concrete-type loading,
assembling, and packing building presently required for all the Picatinny Arsefial design alternatives
would be unnecessary to survive any accident in the building. Detailed costs of suppressive shield
loading, assembling. and packing building are in table 1.

3 AMC Regulation 385-100. Safety; Safety Manual. April 1970.
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Table 1. Suppressive Shielding Loading, Assembling, and Packing ;
Building Cost Estimation ‘j
1 Item Cost !3
| I
‘ Foundation concrete $ 269,800 i
Floor slab concrete 214,200 »
/ Compacted fill 72,400 :
4 Aggregate under slab 27,100
‘ Acoustical ceiling 3,800
Vinyl floor tile 2,600
Ceramic floor tile 1,600
Doors, 3 by 7 feet 34,700
Rollup doors, 16 by 12 feet 30,700
Rubber doors 3,000 ?
Vault doors 19,500 ’
Plumbing 30,000
Heating, ventilation, anfi air conditioning } 1,581,000
Mechanical fire protection
Electrical building 720,000
Building lighting 292,500
Communications 24,400
Roof insulation 58,500
Insulated wall panels 149,200
Building (85.29/sq ft)* 449,000
$3,984,000

* US Army Corps of Engineers, Huntsville Division. HNDTR-75-23-ED-SR. Overpressure
Effects on Structures. Prepared for AMC Project Manager for Munitions Production Base
Modernization and Expansion. 1 February 1976.

Cost reductions would be obtained from this alternative by reducing the conveyor
lengths from the receiving building to the screening building and from the screening building to the
loading, assembling, and packing building. Savings would also result because only one loading,
assembling, and packing building instead of two is required to guarantee survivability and this
building could be of a less-expensive construction. Conveyor cost in the loading, assembling, and
packing building would be reduced from that of the two-building design to that of the one-building
design.

18
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Higher costs would result from the increased cost of the screening buildings and the
increased cost of the shields at the grenade loading, swaging, and assembly areas.

Two designs using suppressive shielding were evaluated in detail. Suppressive shield
alternative 1 is shown in figure 7. In this design, two screening buildings and one loading,
assembling, and packing building are used to guarantee production. The two screening buildings are
used as barricades on the 10,000-pound receiving building, thus reducing the distance from the
receiving building to the loading, assembling, and packing building to the barricaded intraline
distance of 200 feet. This alternative costs $23,736,568, resulting in a savings of $710,432
compared to the one-building design and $4,250,432 compared to the two-building design. Detailed
cost data are summarized in table 2.

Suppressive shield alternative 2 (figure 8) is very similar to altermative 1 except no
shield surrounds the screening operation. No conveyor lengths are reduced from receiving to
screening buildings or from screening to loading, assembling, and packing buiidings because the
screening buildings are not used as barricades. In fact, conveyor lengths are doubled because
conveyors must run to each of the two screening buildings. The cost of the second screening
building adds $144,000. The shield costs in the loading, assembling, and packing building still
increase by the same amounts and the loading, assembling, and packing building costs are the same
as those in the alternative 1 layout. Alternative 2 costs $23,395,608 (table 3) which saves
$1,051,392 compared to the one-building design cost and $4,591,309 compared to the two-building
design cost.

IV. CONCLUSIONS.

Suppressive shield alternative 2 is the most cost effective layout using suppressive
shields. This alternative maximizes safety for employees in the loading, assembling, and packing area
because the shields here completely contain all fragments and reduce overpressures to an operator
safe level in the immediate proximity of the shield. Production is guaranteed at five-sixths the full
production rate if an accident occurs at one of the three areas in the loading, assembling, and
packing building or at one-half the full production rate if an incident occurs in the screening
building.

The initial cost of the facility is $23,395,608, which is $4,591,309 less than the
two-building layout whose 50-percent production rate guarantee it exceeds. It is also more cost
effective than the less desirable one-building layout by $1,051,392. The cost of the shielded
screening building is too high to be offset by savings from reduced conveyor lengths and therefore
the building should not be developed.

In addition to the cost savings itemized above, the use of suppressive shields in place of
concrete cubicles allows greater flexibility in the loading, assembling, and packing building layout.
Should a revised layout be required in the future, the suppressive shields may be moved about but
the concrete cubicles would be unusable.
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Table 2. Cost Summary for Suppressive Shield Alternative 1

Item

One-building design cost (appendix A)
Screening building

Two suppressive shields — $439,830 per shield
Original screening building

Grenade press loading (six shields)

$56,316 per suppressive shield
$13,600 per original cubicle

Grenade swage (six shields)

$21,852 per suppressive shield
$10,500 per original cubicle

Fuze-to-grenade assembly (20 shields)

$31,780 per suppressive shield
$15,100 per original shield

Conveyors
Receiving to screening — 350 feet at $670 per foot

Screening to loading, assembling, and packing — 90 feet
at $180 per foot

Loading, assembling, and packing building

Original loading, assembling, and packing building
(appendix A)

Preengineered loading, assembling, and packing
building (table 1)

Cost of suppressive shield alternative 1
Suppressive shield alternative 1 versus one-building design

Suppressive shield alternative 1 versus two-building design

Cost , Cost saving
$24,447,000

879,660
144,000
($735,660)
337,896
81,600
(8256,896)
131,112
63,000
(368,112)
635,600
302,000
(8333,600)
$234,500
$16,200
5,838,000
3,984,000
$1,854,000
$23,736,568
$710,432
$4,250,432
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Table 3. Cost Summary for Suppressive Shield Alternative 2

Item Cost Cost saving
One-building design cost (appendix A) $24,447,000
Screening building
One additional building ($144,000)
Grenade press loading (six shields) '
$56,316 per suppressive shield 337,896
$13,600 per original cubicle 81,600
(3256,896)
Grenade swage (six shields)
$21,852 per suppressive shield 131,112
$10,500 per original cubicle 63,000
($68,112)
Fuze-to-grenade assembly (20 shields)
$31,780 per suppressive shield 635,600
$15,100 per original shield 302,000
($333,600)
Loading, assembling, and packing building
Original loading, assembling, and packing
building (appendix A) 5,838,000
Preengineered loading, assembling, and packing
building (table 1) 3,984,000
$1,854,000
Cost of suppressive shield alternative 2 $23,395,608
Suppressive shield alternative 2 versus one-building design $1,051,392
$4,591,309

Suppressive shield alternative 2 versus two-building design

V.  RECOMMENDATIONS.

This analysis indicates a substantial cost savings by applying suppressive shielding
technology to the M483A1 ICM loading, assembling, and packing facility. The magnitude of the
cost reductions possible while maintaining production and safety guarantees warrants that
suppressive shields be used on the ICM loading, assembling, and packing facility. An in-depth
analysis of other new facilities is recommended to determine the cost effectiveness of applying

suppressive shielding technology.
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Attn: DRXOS-TA/Mr. Olson
Attn: DRXOS-ES/Mr. Myers

Field Safety Activity

Charlestown, IN 47111

Commander
US Army Materiel Development
and Readiness Command
Attn: DRCCG
Attn: DRCRD-WB
Attn: DRCSF/Mr. W. Queen
Attn: DRCPM-CS/COL Morris
5001 Eisenhower Avenue
Alexandria, VA 22333

Project Manager for Chemical Demilitarization
and Installation Restoration
Attn: DRCPM-DR, Bldg E4585
APG-Edgewood Area

Project Manager for Munitions Production
Base Modernization and Expansion
US Army Materiel Development
and Readiness Command
Attn: DRCPM-PBM-EC/Mr. A. Dybacki
Dover, NJ 07801

Director
US Army Materiel Development
and Readiness Command
Intern Training Center
Attn: Dr.G. Chiang
Red River Depot
Texarkana, TX 75502

Copies

N
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Names Copies Names Copies
US ARMY ARMAMENT COMMAND Commander 1
Lone Star Army Ammunition Plant
Commander Texarkana, TX 75502

US Army Armament Command

Rock Island, IL 61201

Commander
Cornhusker Army Ammunition Plant
Grand Island, NE 68801

] Attn: DRSAR-EN/Mr. Ambrosini 1 Commander 1
Attn: DRSAR-SC/Dr. C. Hudson 1 Louisiana Army Ammunition Plant
3 Attn: DRSAR-SF/Mr. R. Young, Mr. J. Varcho 2 Shreveport, LA 71102
1 Attn: DRSAR-IMB-C/Mr. Sedlin, Mr. T. Fetter 2
Attn: DRSAR-IMB-C/Mr. S. Porter, Mr. A. Madsen 2 ~ Commander 1
Attn: DRSAR-IMB-C/Mr. G. Cowan, CPT Burnsteel 2 Milan Army Ammunition Plant
: Attn: DRSAR-IMB-C-A/Mr. L. Nelson 1 Milan, TN 38358
k Rock Island, IL 61201
Commander
' Commander Radford Army Ammunition Plant
DARCOM Ammunition Center Radford, VA 2414]
Attn: SARAC-DE/Mr. J. Byrde 1
P Attn: SARAC-DEM/Mr. Huddleston, Mr. Sumpterer 2 Commander
Savanna, IL 61074 Sunflower Army Ammunition Plant
Lawrence, KS 66044
Commander
Frankford Arsenal Commander
Attn: Mr. Fidel, Mr. E. Rempler 2 Lake City Army Ammunition Plant
Bridge and Tacony Sts. Attn: Mr.J. Jacobi
Philadelphia, PA 19137 Independence, MO 64056
Commander Commander
Picatinny Arsenal Ravenna Army Ammunition Plant
Attn: SARPA-MT/Mzr. Saffian, Mr. Canavan 2 Ravenna, OH 44266
Attn: SARPA-MT/Mr. Hickerson, Mr. Forsten 2
Dover, NJ 07801 Commander
Pine Bluff Arsenal
Joint Army-Navy-Air Force Conventional Pine Bluff, AR 71611
Ammunition Production Coordinating Grp
US Army Armament Command US ARMY TEST AND EVALUATION COMMAND
Attn: Mr. E. Jordan 7

Record Copy
CDR, APG

Attn: STEAP-AD-R/RHA
APG-Edgewood Area, Bldg E5179

CDR, APG
Commander 1 Attn: STEAP-TL
Indiana Army Ammunition Plant APG-Aberdeen Area
Charleston, IN 47111

Commander

3 Commander 1 US Army Test & Evaluation Command
Iowa Army Ammunition Plant Attn: DRSTE-FA
Burlington, IA 52502 APG-Aberdeen Area
Commander 1 Commander

e AN AN SR P U i A P

-

Joliet Army Ammunition Plant
Joliet, IL 60436

Commander
Kansas Army Ammunition Plant

Dugway Proving Ground
Attn: Mr. P. Miller
Attn: Dr. Rothenburg

Dugway, UT 84022

Parsons, KS 67357 DEPARTMENT OF THE NAVY
Commander 1 Commander
Longhorn Army Ammunition Plant Naval Ordnance Systems Command

Marshall, TX 75671

Attn: Code ORD 43B/Mr. A. Fernandes
Washington, DC 20360
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Names

Commander
Bureau ot Naval Weapons
Department of the Navy
Attn: Code F121/Mr. H. Roylance
Washington, DC 20360

Commander

Naval Ship Research & Development Center
Attn: Code 1747/Mr A. Wilner

Bethesda, MD 20034

Commander

Naval Explosive Ordnance Disposal Facility
Attn: Code 501/Mr. L. Wolfson

Indian Head, MD 20640

Commander
Naval Ordnance Systems Command
NAPEC-Ammunition Depot

Attn: ORD-04M/B/X-5/Mr. L. Leonard

Crane, IN 47522

Commander

Naval Surface Weapons Center
White Oak Laboratory

Silver Spring, MD 20910

Commander

Naval Weapons Laboratory
Attn: Mr. F. Sanches

Dahlgren, VA 22448

Commander
Naval Sea Systems Command
Washington, DC 20315

DEPARTMENT OF THE AIR FORCE

Commander
Explosives Safety Division

Attn: ADTC/SEV/Mr. R. Allen
Eglin AFB, FL 32542

HQ, Armament Development & Test Center
Attn: DOM/Mr. S. Reither
Eglin AFB, FL 32542

Commander

Rocket Propulsion Laboratory
Attn: Mr. M. Raleigh

Edwards AFB, CA 93523

HQ, Ogden ALC/MMWRAT
Attn: Mr. Cummings
Hill AFB, UT 84406

Commander
Norton AFB

Attn: AFISC-SEV/Mr. K. Collinsworth

San Bernardino, CA 92409

Copies

Names

Commander

Air Force Civil Engineering Center
Attn: AFCEC-DE/LTC Walkup

Tyndall AFB

Panama City, FL 32401

HQ, Air Force Logistics Cc nmand
Attn: MMWM/CPT D. Rideout
Attn: IGYE/Mr. K. Shopher

Wright-Patterson AFB, OH 45433

ADDED ADDRESSEES

Director
US Army Materiel Systems Analysis Activity
APG-Aberdeen Area

Director

US Army Ballistics Research Laboratories
Attn: Mzr. R. Vitali

APG-Aberdeen Area

Division Engineer

US Army Engineer Division, Huntsville
Attn: HNDED/CS/Mr. Dembo
Attn: Mr. W. Char

PO Box 1600, West Station

Huntsville, AL 35807

Director

US Army Engineer Division
Waterways Experimental Station
PO Box 631

Vicksburg, MS 39180

Deputy Manager for Engineering

Atomic Energy Commision
Attn: Mr. W. H. Jackson

PO Box E

Oak Ridge, TN 37830

US Department of Transportation

Office of Hazardous Materials Operations
Attn: Mr. Erskine Harton, Jr.

2100 Second St SW

Washington, DC 20590

Mr. Frank Neff

Mound Laboratory
Monsanto Research Corp
Miamisburg, OH 45342

Dr. W. E. Baker
Soutwest Research Institute
San Antonio, TX 78284

Division Engineer

US Army Engineer Division

Fort Belvoir, VA 22060

Chief

Edgewood Arsenal Resident Laboratory

NASA National Space Technology Laboratories

Bay St. Louis, MS 39520




